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1 Introduction

Since the !ast IAEA meeting on this topic, the pace of sensitivity and uncertainty Analysis
studies has slackened relative to those of the 1970s, I’hc paucity of published studies, at least

in the U.S. A., kiss not reflected a diminished interest in or importance of uncertainty nnalysis.

Rather, it i~ a natural result of the indctinitc pmtponcment of plans for a next-generation

fusion device burning llT and for a fusion materialH irradiaticm teut facility. Without a spccitic

project M a ~uc.mwor to the TFTR, nuclear systems have been of secondary intermt, ill tho

fu~iorl prOgrwr]. !Iowevcr, recer~t elnphwris on devc]opillg an integra] experiment crip~l)ility

irl support of fusion reactor blanket/shield analyd~ has Icd to rcnewtd uncertainty m]dysis

rcquircrncnta. ,4H for prcvioun fusion reactor studies[l,2,3], a twwi)rrwrmional cornput~tiorlal
capability in rcquirerl for im,proved accuracy of the analysis. This same capability will also Iw

required for rvnerging fu~ion reactor design ntudicu (eig., tlw ETF irr thn IJ,S,A, nnd thv NIH’

irl Westtm lluropc)m

The rcvi~w 0[ H(!HMitiViLj’ and Uncertainty methods, cmhw, and app]ic~tion~ prrw:nted hy orlr

or the nuthorn[4] ~t tho 1978 IAEA mucting will not ho upd~tcd hero, A suhsequcnt rcviowlfi]
of th[: fltntmr of nuchxw dnt,~ (including covnrim]ccs), rwnnitivit,y and urlccrtainty rrmthml’ , rmrl

tlrnnsport rncthod~ and codm in ntill rmwmnbly tirrwly irl rrmt rmpertw lr~the prcrmt paper wc

will rvHtric.t ttlr discumior~ t[t rwvwt dov~loprrwrltH ~r]ri futurr plarni for tlIv SNNSIII1, codv (thu

sl}rcrwuw to I,!IOSE NSITIO] A SII;NSI’I’.21I[7] cmhw), nl[mg with ammc.intwl covwitmrw dntn
n!Id crowwr,tit~rl Iihrarim.

Wt}il~ tho tjrigirml irr]p~tmH to S13NSI’1’-2I) d~voloprrwn[ watr thv h’u~iml Erlgirlrwrirlg l)vvi(r
(1’’II;I)) projw-t ,, rf$rlrwd irltmwl in dcvvlopirlg nml nljldyir)g the rwiv hm corm frorrl or]going

furiol) rluclwmir irltcgral cxpcrimcnt~ irl Jnpun nml Switzcrhmd. l’jxlJcrirtmrltH nt tho lhl~i(jrl



Neutron Source (FNS) facility at JAERI are being analyzed in a cooperative U.S./Japanese

effort. A second major program of fusion nucleonics integral experiments is being conducted
at the LOTUS facility in Lausanne, Switzerland. There the Lithium Breeding Module (LBM)

constructed for the U.S. Electric Power Research Institute is being uwsd by the Swiaa Federal
Polytechnic School (EPFL) for a series tif tritium breeding experiments. An active analysis effort

at EPFL, EIR and Loa Alamos i~ underway to compare experimental data with computations

using state-of-the-art nucleonic codes and cross-section data. In particular, an intensive joint
effort by Los Alamos and EIR is being pursued in uncertainty analysis of the calculated tritium

breeding data. These joint efforts are under the umbrella of an agreement of cooperation in
fusion reactor nucleonics between EIR and Los Alamos[8,9]. Since 1982 several joint efforts

under the agreement have been undertaken, including continued development of cross-section
processing (the NJOY code[lO]), sensitivity and uncertainty methods (the SENSIBL code),

and transport methods (the TRISM code[l 1]). Some of the Los Alamos effort, especially the

development of the COVF1l,S-2 multigroup covariance library [12], h= also been in support of

the U. S,/Japan cooperation concerning integral experiments at the FNS. Perhaps it is of interest

to note in paaaing that the de.vclnpment of covariance libraries and a tw~dimcnsiona] sensitivity
and uncertainty analysis code is responsive 10 rucomrnendations of the IA E}- Working Group

on Neutron Transport and Gamma-ray Production 131,

Briefly, since the 1978 IAEA meeting there hss Lecn significant progress in providing both
covariance dtita and multidimensional sensitivity and unrert,ainty analysis codes. Covariance

data are much more prevalent in EN DF/B-V than in earlier evaluated data files, and several

rnultigmup covnrianm libraries have been produced. Multidimcnsiorlal sensitivity calculations

have been performed by several rcscarchers[2,3,141, using both multigroup deterministic and

Monte Carlo wansport rnrthods, However, them datn tir,d codes arc still under rievcloprnent
and only now arr cxtcrl Hive applications to analywr of i~~lcgrd cxporiment being ulldcrt~kcn.

Perhaps hv the next mrcting in this nerics wc will htivt! a rworvoi: of cxpcricncc and hcncc

intuition rcg~rdirlg the uncmtfiintics iri fusiorl rmctor dlwign prirhrrw(lcrs cm-rd by nuclear dhth
unccrtaint, ics.

2 Cakulational Methods
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systcm shnpcs, TRISM maintains all of the capabilities of TRIDENT-CTR but incorporates

~ complrtoly rlvw umr-frirndly free-finld input format similar to that of 0P! EDANTl17] and

TWO I) AN T[lS]. lIi addition, mvcral ncw input and edit options have bctm added. MI XIT[19]

i~ the codr for mrond-step homogenizations and group-ordered library production,

SENS]i)], i~ MI in)]) roved and flcceleratcd version of SENS]’I’’-2D, which was an extenuion of

Lhe one-dimensional sensitivity code SENSIT[61. SE NSI13L has the capability for crosrn-section
wll~itivity ~ild Ilnccrtaiiity analysis, ~econ(; ary-rncruv-d istribllti(}n (SE])) sensitivity and unccr-

Laifltly atlalyflis, tilI(i ~lenign flennitivity analyr3iM. Thv dgrmithm~ uned are based orI firnt-ordor

gcncrnlimd pcrllurlmtlo)] ttmorym ‘rhc corl~ allowH X,Y or R,X geornctry nption~ and accepta

grolll)-clt!l~(’ll(lf’l]t, quadrature nets. It is intmdod for UHVwith thr tw(>dirnemional, rnultigroup,

tliscrctc-(}r(lil~atrH tralwport cork TRISM. Thr trinn~ulhr !lwrh uncrl hy TtllSM RIIOWHunique

Ilmdulliilg rnpnbilitim which arv applicator to fu~ion rwictor (’orlligllratioIIH,” nnd thug SUNSII.11,
can a]no analyzr ttlrfw con figur~tionn, ‘1’hc forwnrd nml adjoint hngular fluxe~ genrrhtcd h!!

‘1’RISM nrv rqllirc(l input, to !;ENSII!I,. IIccamw lhv Illll]llwr of ~llgultir fluxrn can IN volumi-

I1ou!!, a M)l)tliRt,i(’ltLt!rldatn lllalmgelllclll Nchmm’ WnHIlw’wmry fOr the rode to krcp the t!XWUtiOtI
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time and memory requirements within reasonable limits. As discussed in the following sec-
tions, SENSIBL incorporates a number of recently implemented improvements in SErWIT-2D,
intended both to maintain consistency with COVFILS-2 and to add new calculational capabili-

tier3,

3 Cross-Section Data Libraries

The general-purpose MATXS8 coupled 187-neutron/24-photon group library, based on ENDF/B-
V evaluations, is used as the basic lib~ary for transport calculations at Los Alamos. This multi-

group library contains 31 isotopes and was produced in October 1983 using the NJOY system.
It also contains Los Alamos evaluations for 7Li, la2W, lUW, l~W, and leeW, as well as the

EN DF/B-V.2 version of Fe(nat). The temperature is 300 K and a thermal + l/E + fission +

fusion weighting spectrum is used, For all isotopes heat:ng data (kerma), and for most important
isotopes radiation-damage-energy production data, are available.

In the framework of the common Los Alamos/EIR analysis of the LBM experiments at the
LOTUS facility [20,21 ,22], a new multigroup library was constructed at EIR from J12F-1 and the

European Fusion File (EFF) using the same 187-neutron group structure. For photon production
and interaction cross sections, the LOS Alamos 48-group structure was selected. The pointwise

neutron and photon files (PENDF) based on JEF-1 evaluritions were produced using the June

1983 version of the NJOY systwrl[ 10,23,24]. This neutron library was generated by obtaining

‘Be and 7Li from a preliminary version of EFF deve]cped presently under the leadership of

Euratom. Those basic pointwisc neutron files were recons!ucted for temperatures from 296 to
3000 K, but only 296 K is included in the present groupwise library,

The mu]tigroup library include~ vectors for all reaction types, matrices for reactions pro-
r!ucillg neutrons (including fission), and dhta pertaining to fitision yields of J]rompt and delayed

neutrons. Furthermore, different kinds of gamma-ray production matrices, purt,ial cross srcctions,

a~ WCIIas heating and danlagc data, were also procemcd. The CLAW wcigh[ing rnpectrum (cf.

Rcf, [24]) was used and a P6 order of scattering was included, The most important rmontmcerr
were shield~d using the Bondarenko method, The library prwwmtly contains the 83 isotopes

liflted irr llef, [19].

COVFILS-2[ 12,27] is a library of multigroup neutron cromr sections, Hcatterirlg matriccrl,

arid covarirmccH (Ilnccrtnintim and their rorrclatinns), The 14 rn~terials irlcluded in the firHt
version of COV14’11,S-2 hrc ‘}1, ‘Li, 71,1,‘ ‘He, (;(nat), L4fq ’60, 29Na, “AI, Si(nrN, ), Cr(nat),

I+(nat), Ni(nut), BIId I)b(rlat), COVII’1 LS-2 ww produced ‘using various Ir]odules of the NJOY

rruc]cnr d~ta prOcc~rrirlg systcrrl[ 10,251. It is Iargcly Imwxl orl rlata ev~luations frorrl EN DF/13-

V, mlt,hough M)IrIV Ir]irlor corrcctioll~ {lrlrl irr~lmoverlmrlt~ fire inr,urporahxl. III cnrrrs wtlrrv thv

c(tvuritirlcr vvaluntion ir+rr]i~sillg (8H ill the cmw of II(I) or JIIrigId to I)(! ir]mlcquhto, ])rivtitr 1,0*

Altmm~ rvuluntiorl~[26] rm vli]p]oycd, I’hr 74-grmrp Htrlwturcl12] was choscII for corrlpatibi]it,y
with thr lR7-grwIIp MA’I’XSN,
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4 Recent Developments

The theoretical foundations of cross-section sensitivity and uncertainty analysis are well doc-
umented in the literature (cf. Ref, [4] and other works cited there). For reference during the

discumions below, we list here . he principsl expressions resulting from classical perturbation

theory. For our subsequent development, we view the relative covariances (in COVFILS-2, for
example) ~ microscopic cross-section covariances, handling possible spatial variations of the nu-

clide density within the calculation of the sensitivity of responees to changes in these microscopic
dath.

Given a set of multigroup microscopic cross-section data, a~~, we are interested in an e::pres-

sion for the standard deviation A] of a response 1. Examples for 1 include kerma, displacements

per atnm (dpa), activation rates, or tritium breeding, The definition of 1 includes a specifica-

tion of the spatial region over which the response is to be integrated (the “detector” region).
Using the concepts of sensitivity profiles and covariance data, one h- a straightforward way to

evaluate the uncertainty in 1 caused by crow-section uncertainties; i.e.,

(1)

In this expression u$~ represents the interaction cross section for reactions of type z in ma-

terial m in energy group g, cov(u~~, a~~~,) is the covaria~,ce matrix for the indicated multigrcwp

cross sections, and Pgm is the relative sensitivity’,’ profile of response 1 for cross section u~~, as

defined by

(2)

‘1’hc rc]filivt! sensitivity profile clearly cal, bc interpreted aq the fractional chang~ i~l the re-
sponse per fractional crms-scctirm change, Note that in Eq. ( 1) the fir~t, two factors in each term

of the ~ummation (the product of sensitivity profile components) is strictly problem dependent,
while the third factor involvm only cross bnctions allrl their covaritmccs and is hence probic, n

irrrlcpcndrmt.
In 19&IIthe };NllF/B-V W-group covariancc library COVFILS (cf. !Zcf. [28]) was produced.

It contnil):+ rnultigroup mom rwctionH and covarial~ce~ for individual ahmrpticrn and ~cnttering

react ionH, but dors rmt includr grol~pto-group ncattcring rrmtrice~. In 19114 the CO VFILS-2
library hccarnc nvuiltiblr. ‘1’hi~ nl~jor I]cw 7d-grOup lilrrary rorltain~ not only crorm rwctioll~

nrrcl covarianc(!s, hut HIHO actual PO 1’3 scattering lrlatriccr4 for all rncattmring renctior):l prwwnt
iri 11)0 Iihrary, M M to cnsurr mm~i~lmcy hctwwn tl~~ Iihrury covariarlcm and the Ncattrrillg

]ilutrirw l)wd to rA]c IIlntc tbc cc)rr~:~[)(~ll(]itig, wnsilivity proli]w ill SENSII!I,. The dditiorl of
thiHIICWrrmtrix d~l~ rcquir~ ~ub~t~ntial ~lmdilicfilions to SE,NSII+l,, w drwcribcd Irclow. AM

a rwmlt of both thr volur~~llou~ rovtiriwwr dhth now hvtiilnhlv rind Iho prvHMm of f hr lwrgv

Nctilrt(’riug rllatricrw, (;()’JFII IS-2 is u rnthcr l~rgr Iil(’. III (~rdvr to Illakv itN storage Bnd dnl,ii

trm]Mfvr rnoro m~ll~gcalrlc, tho filr WAN writtrll in n vury comhwwd fornmt called IK)XEI{[27]
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that compresses the 7.2 million data elements (which would occupy approximately one million

card images in uncondensed form) onto about 40 thousand card images. A set of subroutine

called COVARD2 was incorporated into SENSIBL in order to retrieve data in BOXER format.

Also, a modification to COVFILS-2 was recently made to expand the special index at the
beginnine of the file. Details of this modification are discussed below in the section describing

the incorporation into SENSIBL of the direct term,

One consequence of the detailed covariance data incremingly becoming available for indi.
vidual scattering levels is that the SED sensitivity capability is rapidly becoming obsolescent.

However, both SED and the corresponding angular distribution sensitivity capabilities are main-
tained in the new code. Miscellaneous changes since the original SENSIT-2D code include ~aP-

tation to CRAY computers (on both the CTSS and COS operating systems), improved efficiency
of data transfer, improved architecture, and linkage to the TRISM code. The latter capability

now allows performing sensitivity and uncertaimy analyses on systems with large void streaming

regions, which previously could not be accomplished conveniently with deterministic transport

codes. Hence, the sensitivity and uncertainty analysis capability is being kept abreast with the
state of the art of both deterministic transport methods and covariance libraries. Additional

user-oriented improvements were made to the input and output formats. Most significant of

these was the preparation of summary tables in the output listing, an addition mude imperative

by the sheer mass of cmvariance data for many materials and cros+section types, as well rM the

increasingly detailed nucleonic models possible with deterministic transport codes,

\Ve now turn back to the sensitivity profile given by Eq. (2). The sensitivity profile for the

response I can be exprewcd m

(3)

The integral nf the res!~onse over the volume of the “detector” (which may be the entire system)
is

(4)

where Vi is the volume of spatial intcrvtd i, #~ ;.Rthe scalar flux in group g in interval i, and Nmi

is the loral atomic dtwsity of material m in interval i, The quanl,ity R~~ appearing in Eq5, (3)

nnd (4) is ttw “rosponyr function.n a response-weighted micrmcopic cross section. If the response

of intcrmt iri (Il)c nunlbrr of l)uclo~r rchctio]ls of typt! x, tht!n It& is jllsl LII(I microscopic cross

~cction for thnt rctict)iunm ]Iowevcr, if the rcspnnsc of interest irr the total nuclear Iwating, for

t’xurrlph?, then R:m iH the !mrtial kcrmh factor (ill units Of rV-!mrns) for reaction z in material

m ill group g, !)ttlcr Colnplex rmponws, suc]l ruqdpi-i ~I)d i,ntal heliulrl prt)(luction, ran tdso I)(!

uxwrrlnmhitwl Iwirrg suitablo dcfinitionri of lt~,n.

The qurmtitics p~n, x%, and i’%; ar~~)c~rilw in k;q, (~) ~rf’ ~tom d~n~ity-w~ight~d, spatial
illtvgrti!tt of the flux ddincd irl Eqw (5), ([;), rtnd (7), rmprrtivrly, ‘1’hc qutintity q:, i~ dcfirlod

an



In Equation (3), U$m is the microscopic cross section for reaction z in material m and in group

g, 0:;9’ is the ttb Legendre moment of the scattering cross section for energy transfers from

group g to group g’ for a particular reaction type z in material m. In this same equation, x%
is the numerical integral of the product of forward and adjoint rmgular fluxes over all angles
and all spatial intervals, LMAX is the order of scattering, and MM is the number of angular

directions:

(6)

Q:i and @~ are discrete-ordinates representations of forward and adjoint angular fluxes, respec-

tively, for group g, spatial mesh point i and discrete direction n. ~~~ is the density-weighted
spatial integral of the product of the spherical harmonics expansion for forward and adjoint

angular fluxes for material m,

(7)
all i k=o

Direct Term

The first term in the brackets of Eq. (3) is the direct term. Note that this term non-zero or,ly

if reaction z in maLerial m contributes to the detector response function, so that both R~m and

PA are non-zerom
Incorporating the direct term into the sensitivity pr~file calculated by SENSIBL is straight-

forward, because zone-averaged fluxes such as p% are readily available from other calculations.

The code was modified to accept, as input for each detector zone, the information needed to
define the detector response function (and source for the arfjoint ffux calculation); namely, the

material number MAf’~, the reaction I]umber MT~, and the corresponding material density.
In most crwes the value of MT~ corresponds to the MT number of a single reaction in the
CO VFILS-2 library. Son]e complexity is introduced by the need to calculate sensitivities for

complex reactions which have direct contributions from several different rcac; ions in the library.

An exarnplv is the (n, n’t)reaction in 7Li, MTd = 33. In terms of reaction MT~ explicitly

prment in the library, this reactio[l is the sum of reactiou MTs 853 through B58. An additional

problem in 7Li is that reaction number~ in the 851-870 range are used in ENDF/B to specify

evaluator-defined groups or ‘Iumpsn of rtactions[ 12]. in this case, the f.4T number alone does

not determine whether or not a given reaction contributes to tritium production, for example.

Therefore, the COVFILS-2 index wris modified to include a list of important detector reactions

(MTd) tc which the library MT makm ti direct contribution. Logic WM also added to SENS113L

l,o check, when computing the sensitivity for MAT/MT, whc~hcr this MT contributes to Ml’d.

7



If it does, the cress-section vector from COVFILS-2 is used to calculate the direct term. A

diagnostic print was also included in SENSIBL to compare the sum of the cross sections found

in this manner (for example, MT 853 through 858) to the input value for the detector response

function (MT~ = 33).

Indirect Term

The second and the third terms of Eq. (3) comprise the indirect term. These terms are
called the ‘10ss” term and the ‘gain” term, respectively. Note that the indirect term receives
contributions only from intervals in which the density N~i is non-zero. The indirect term may
be derived from the expremiou for the forward difference approximation, Eq. (36) in Ref. [29]

or Eq, (17) in Ref. [3n] or Eq. (26) in Ref. [31], considering a two-dimensonal geometry and
expansion of the scattering into Legendre polynomial series and the flux angular expansions into

the series of spherical harmonics.

The quantities x% and ~g~ in Eqs. (6) and (7) each result from performing a material-
density-weighted sum over all spatial intervals. In SENSIT-2D the density term N~i was, in

effect, brought outside these sums. This meant that, in a single computer run, sensitivity

profiles, and hence uncertainties, could ordy be calculated for a single zone (domain of constant
N~i). To study a complex system having many zones, it was necessary to make multiple runs

and then quadratically sum the uncertainties from the different runs. This procedure was

time consuming and was only approximately valid, as it omitted the contribution to the total

uncertainty from cross-zone correlation terms. In SENSIBL, this restriction h= been lifted, and

a more accurate region-summed to~al uncertainty is now calculated in a single computer run.
With these modification made, practical SENSIBL calculations were performed, using input

fl~xes from TRiSM calculations of the LOTUS-facility LBM experiment.
In this process another major gain was made. Not only could we include the crow-zone

effect, but the calculational time was also signi~cantly reduced. The 1l-zone LBM calculation
performed in a single run required only as much time as that required previously for e~ch
sf-parate one-zone run.

5 Formulation for the Direct Term for Complex Responses

For covariance aualysis[32] of complex responses (such as kerma, dpa or helium production, for
extimple) it is necessary to decompose the complex responses into contributions from individual

reactions, These “partial” responses are not directly measurable quantities, but they provide

the con,lection between the total respormc and the END1’/l3 covhriances, which are provided for
individual r,?action cross sections.

We recall from the previous section that u~~ is the rnicrowopic cross section (in barns) for

rt!aclion z in material w] in group g. In lhe case of complex responses, these reactions will

contribute the response f with an effect-weighted c.rom section l?~~ that differs from u!?~. The

ratio of the two cross sections we ci:Inotm by 1~~~, so that

II



R:m = O:m . E:m. (8)

E~m is thus the ~ffectivene~~ of these particular nuclear reactions in producing the response 1.

Later in this section particular examples are discussed which may help clarify these points.
Combining Eqs. (4) and (8), we nave

(9)

The cross sections u are uncertain, and they influence the integral 1 in Eq. (9) both directly
and through their indirect effect on the fluxes #. The quantities E also are nuclear data, are

uncertain, and influence 1. However, the current ENDF files do not specify the covariances of
charged-particle emission spectra, for example. Thus, for the present, we treat the E-parameters

as constants. We return to this point at the end of this section.

Direct Term for Complex Reactions

The direct contribution to the sensitivity profile is, from Eqs. (2) am-l (9)

-,, .
~ ~ kd$,E:m) con,,ant “

4From Eq. (5) and (9),

or

Combining Eqs. (10) and (1 1),

P~~(direct) = ~& E~~ p%,

(10)

(ii)

(12)

(13)

Simple Reaction Rates

In order to illustrate the concepts of “rmporwc functions” and “effectiveness,” we IIOW consid~r

some specific examples of integral responses. As our first example, we consider a “simple”

response, namely, the total number of n,~ evcnt~ in a specified region. ~,hom Eq. (5), we see

that & will be ncm-w.ro Only for materials which arc pr~~cnt in at le~st s~rne inteMals I’ Of
the detector region. Considering only these contribl]ting maLeria]s, the ~ff{!ctiveness E& will

be unity (for all groups) if x is the reaction index of the n,~ reaction and zero if z is any other

rcuction. Thus, R& will be equal LO u:”, or zcr~~ dep~)lldirlg (MI Z.

9



Nuclear Heating

In the c-e of nuclear heating, the response cross section l?~~ is just the partial kerma due
to reaction z in material m in group g. The effectiveness E% is, in this c~e, the average net

charged-particle energy deposited per reaction.

Displacements Per Atom

In the cme of dpa, the effectiveness E~m is the average number of atoms displaced from

their normal lattice positions (due mainly to interactions of the primary recoii nucleus with the
lattice) per reaction of type z in material m in group g. Methods for calculating both partial

kern-m factars and partial dpa-production cross sections are discussed in Ref. [22].

Helium Production

The reason that helium production differs from ordinary reaction rates is that a ‘multiplicity”

is involved. In EN DF/BV 12C, for example, all inelestic levels above the first one decay via 3a
emission. Thus,

a(n, za) 112C = 0107+3- (052+ . ..+ U91) (14)

The multiplicity, then, is 1,0 for MT107 and 3.0 for reactions MT52 through MT91, In this
case the effectiveness E& is just the multiplicity. The multiplicities for helium production are

normally energy-independent integers, although there are exceptions. In 7Li (ENDF/B-V.2) for

example, ccwariances are given for the M (n, 2n) reaction in MT851. This cross section is the
sum of the (n, 2n) and (n, 2naf) reactions. The helium yield per %eactionn here is clearly energy-

dependent. As in the cue of kerma and dpa, NJOY can provide the separate cross sections for
(n, 2nad) and for MT851, and the group-dependent helium-production multiplicities (Egm) can

be obtained by division.
It is worth noting that total helium-production cross sections, H% summed over all reactions,

are provided directly in EN DF/BV on Tape 533, along with “integraln covariances, such as

“)C(JV(H%, Ifm (15)

These cross sections and covariances are suitable for thin foil reactor-dosimetry purposes,

but they are not very useful for the analysis of fusion-reactor integral experiments, where the

closimetry foil and the transport medium are often made of the same material. When covari-

tince information is presented in ‘integral” form, as in Eq. (15), th~ correlation between the

individual l~elium-producing reactions and the reatitions important to neutron transport is lost.
On the other hand, combining sensitivities and c.ovariancca for separate reactions, using Eq. (1),

preserves this correlation infornlation.
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To perform an uncertainty analysis of a complex reaction, it is clear from Eq. (3) that one

needs access to the re~ponse cross section R~m (or to the E&) for each C3VFILS-2 reaction

for the materials of interest. Because this information is not present on COVFILS-2, it must be
supplied in the user input LOSENSIBL. In the caae of kerma or dpa, it would be convenient to

supply the actual cross sections R~m, thereby eliminating the need for a ‘hand” calculation of
E~m. For heiium production, a mixed strategy is needed, For moat reactions in rrioet materials,

an energy - independent integer mul~iplier would be sufficient for constructing l?~ from ug~,
as in the ~aC example above. For 7Li, on the other harld, one would like to enter the (n, 2nad)

cross section (R~m) from input, just as in the caae of kerma. The capability to input a general,

energy - dependent multiplier does not seem necessary.

E-parameter Covarlances

Our final remarks concern a possible future generalization of this approach. Up to this point,
we have cot, -idcred ouly cross-section crwariances, as are preseut,]y contakrecl in COVFILS-2.

It may be possible at a later date to add covariances of t$e effectiveness parameters, E~m, If

and when this occurs, it will become of interest to cal~ulate the relative sensitivity to thcge E-
parameters, as well as cross sections, Luckily, this will not complicate the coding of SENSIBL
very much at all. Examination of )Jq. (9) reveals th~t the direct cfTect of a fractional change in

E:m is numerically equal to the direct effect of changing u!?~.
Since the E-parameters do not effect the neutron flux, there is no indirect term, and the

relative sensitivity is obtained immediately from Lq, (1 3). Only a very fcw lincc of code would

be affected in adding an E-parameter wnsitivity capability to SENSIBL,

6 Future Plans for SENSIBL

Plans for future work under the Los Alarr]os/EIR Cooperative Agreement include several

tasks related to sensitivity and uncertainty arralyeis. Of immediate importwce is the devi~ing of
a sirr~ple test case for SENSI13L code vcrific~tion. 13ecausc of the lack of any detailed confirming

calculat,irm~ of utlccrtaiuty analysefl employing the CO VFILS-2 data, there i~ no cxpcrimwc to
date upon which to bhse ‘intuitive judgments on the rcaeonableness of rcsultn. Effortri arc

now undrrwwy to croato an exceptionally sinlplc rmvariancc library and a corrrwpomling two-

material (]11 af)d ‘I,i), t,wo-rcgiort nuckxmic mdd which would f~c.ilitat,c haltd calculations for

colrlparim)rl l)urpmw.

A study iH &]Ho h(!illg Colldllctod of the ft!MI!ibi]il# of pULtirlg rllUILigrOUp Covarianu! dntn
into futur~’ MA’I’XS libraries, OIM! rr)olivmtiol) for thi~ r+tudy itr thv rquir[!mm)t to ])crforrtl

nennitivity Htudics for syntcms il) Wl)irl) tcrnpcratluro dt’pt!ml~!ncv aud r4clf rrhic!rliug of tho r,rom

n[!ctionri itr wquirrd. DoIh m’ prcr+cntly avnilablc frmn the MATXS Iibrarim vi~ Lhc TRANSX-

CI’R CUA[33], but uot from the CO Vl~ll,S-2 library. l)rovi~ion [~f R MA’1’XS library wit])

11



the covariance multigroup data incorporated would permit a more automated approach to the

sensitivity and uncertainty analysis of complex responses than is preqently possible.,
A group collapse routine for the 74-group COVFILS-2 library could be added to TRANSX-

CTR ht the same time. A collapse capability would allow sensitivity and uncertainty analysts

making direct use of transport calculations in, for example, the Loa Alamos 3CLgroup structure,
which has been employed in s~me recent analysec of the Japanese FNIS blanket experiments.

Another feature expected to be incorporated into SENSIBL in the near future is a one.
dimensional option, where the linkage would be to standard flux file output froll~ the ONEDANT

code[17]. Thus, one code would serve both one- and tw~dimensional requirement~.

Also investigated will be the use of CCCC standard in~erface files[34], such as the @NEDANT

and TWODANT files NDXSRF, ZNATDN, and GEODST for nuclide densities, subzone nuclide

atomic densities, and geometry description, respectively. TRISM employs a CCCC-like inter-

face file (CCCC standard files are not defined for the TRISM banded, triangular mesh) called
G EOMTY for geometry description while CCCC-like versions of NDXSRF and ZNATDN will

require further development. ‘1’hese could le(’.d to considerable simplification of SENSI”BL input.

12
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